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ABOTRACT 


iiiomoescyeecxamines alternative locations for the eight 
HC-130, long-range, fixed-wing aircraft available in the 
Ueeeoewecoast GUatid Atlantic Area during the FY 75 - FY 84 
period. The objective was to achieve the maximum effective- 
Mess possible at a reasonable cost. A computer simulation 
meHc-150 air operations in the region of interest was 
developed to produce relevant cost and operational effec- 
mineness measurements. Ihe study indicates that of the 
three potential sites considered--Coast Guard Air Station 
Cape Cod, Massachusetts, Coast Guard Air Stacrone blazavetn 
mety. North Carolina, and the St. Petersburg-Clearwater 
Mebernational Airport, Plorida--assignment of three HC-130s 
memcnOoenltzabeth Gity and five at St. Petersburg-Clearwater 


is optimal. 
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I, INTRODUCTION 


i-elemlason the United States Code designates the 
United States Coast Guard as the government agency whose 
meamary responsibility is to "...develop, establish, 
imemitain and Operate,...rescue facilities for the promotion 
of safety on, under and over the Aeon seas and waters 
Wifeet to tie yUrisdiction of the United States... ." 

The Coast Guard is also tasked with numerous other duties 
fiten range in diversity from military readiness to oil 
pomiution control. 

To meet its widely varying responsibilities the Coast 
elland utilizes several types of land, sea and airborne 
meatus  lhese Cratt,; and their operating and support person- 
fee, must be located strategically to effectively carry 
out their missions in both an operationally and economically 
Seeeletent manner. The high cost of aircraft, relative to 
most land and sea craft, along with their unique rescue, 
surveillance and logistics capabilities, makes the strategic 
MoereLom OL alrcratt and their support facilities and per- 
Fommel particularly critical. 

mies alrecrart inventory of the Coast Guard currently 
consists of the HU-16E medium-range, fixed-wing amphibian, 
iiemiid—-oza Short-range, amphibian helicopter, the HH-3F 
medium-range, amphibian helicopter and the He -is05 Lone- 


range, fixed-wing aircraft. Various combinations of these 





mer crmeat are assmened at Coast Guard Air Stations 
maroughout the United States. 

Tremcea@istal areas of the United States are divided 
between two major operational commands. The Coast Guard 
Meertic Area includes the Pacific coast, Alaska and Hawaii, 
poeeene Coast Guard Atlantic Area is comprised of the 
Peelantic coast and the Gulf of Mexico. 

For several reasons the optimal allocation of the 
mome-rance HC-130 aircraft in the Coast Guard Atlantic 
Pca 15 worthy of special attention. The Coast Guard 
Atlantic Area already has a significant and growing require- 
Meme Or long-range search and rescue (SAR), surveillance, 
pcemajyor logistics flights. The HC-130, a cargo/transport 
maven aircrart, iS ideally suited for all of these missions. 
Meeacdcdition, recently allocated funds will provide for an 
mierease in the number of HC-130s in the Coast Guard 
Seeancic Areca from Six to eight. With this increase in 
mesources, the question of where to most optimally assign 
the available HC-130 aircraft within this region is being 
mamnmessed Dy the service. 

felarcesnumoer Of Variable factors such as type of 
fiisslons, MisSlOn Occurrence times, location of aircraft, 
aageavallability of aircraft are significant in the opera- 
pLeomeot a small fleet of aircraft which must satisfy a 
multi-mission responsibility over a wide geographic area. 


A computer simulation model of aircraft operations and 





menctenance In the Coast Guard Atlantic Area with provisions 
for various aircraft allocations and response capabilities 
mas deweloped to consider these variables in the subject 
fees. lhe simulation model was exercised extensively, 

the results evaluated, and observations made concerning 

the model and optimal location of HC-130 aircraft within 


fmmer COast Guard Atlantic Area. 





MiveeNeolURESOG THE PROBLEM 


Mieetseal year 959 the United States Coast Guard 
memememeilazation of HC-130 long-range, fixed-wing aircraft 
MiemetemOGOscGuLiIOn Of 1ts multiple roles and missions in 
the Coast Guard Atlantic Area (COMLANTAREA). Since that 
fume these aircraft, along with the HU-16E, a medium- 
Tange, fixed-wing aircraft, have provided all of the 
service's fixed-wing flight capability for both search and 
rescue (SAR) and other mission requirements. As indicated 
in Ref. 1, additional appropriations will increase the 
memeer Of HC-130s im COMLANTAREA from the current six to 
emomt by FY 1975, while the replacement of all HU-16E 
aircraft by small, medium-range, fixed-wing aircraft is 
mencauled tor completion by FY 78. Through FY 73 all 
GOMLANTAREA HC-130 aircraft were centrally located in 
mtacion to the command's maritime areas of responsibility. 
Teeauisemoreche mayor alterations in resource types, numbers 
mawcapabilities, and the corresponding shifts in resource 
Pomiemlodd Tequirements both by type and location, the loca- 
tion of the limited number of HC-130 aircraft available 
must be carefully studied and plans must be formulated to 
epeamize their Operational capabilities subject to fiscal 
Serbeqency Considerations. 

imadaressime the question .of optimal location of the 


long-range, fixed-wing aircraft within COMLANTAREA, an 





mmeerstanding of the factors which affect the utilization 
@eetniese aircraft such as command and control, current 
locations of other aircraft, individual aircraft type 


S@aracteristics and mission requirements is essential. 


A. GEOGRAPHICAL AREA AND OPERATIONAL CONTROL 

COMLANTAREA is a purely operational command 
headquartered at Governor's Island, New York, which has 
primary responsibility for the Atlantic and Gulf of 
Mexico coastal states, plus New Mexico and Vermont and the 
Waters adjacent thereto. The operational area is divided 
Mmaremtic @arst, Third, Fifth, Seventh and Eighth Coast 
Guard Districts which are both operational and administra- 
tive commands. The COMLANTAREA Coast Guard Air Stations 
meen coast Guard Air Station (CGAS) Cape Cod, CGAS Brooklyn, 
CGAS Cape May, CGAS Elizabeth City, CGAS Savannah, CGAS 
Miami, CGAS Puerto Rico, CGAS St. Petersburg, CGAS Mobile, 
CGAS New Orleans, CGAS Houston and CGAS Corpus Christi. 

Miri ecommrOlm Olealwadtecrart 15 vested 1n the district 
commander within whose district the aircraft is assigned. 
Piss ions OCCurring Within the district boundaries, or 
generated by individual district commanders, are carried 
out under that district commander's control bye the aire rane 
EeeoOncdmuithtme tne district, 1£f the capability exists. 
When missions cross district boundaries and/or involve 
units from more than one district, COMLANTAREA controls 


GienmisSsiToOnN and the units involved. This alternative 
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Pomerol 1s Important. In the past, with all the HC-130s 
igedted im tie Fifth Coast Guard District, COMLANTAREA 
@ontrolied their operational utilization to a significant 
eeree. 

The primary SAR region of responsibility for COMLANTAREA 
meee Atlantic Océan off the coast of the United States 
ema the Guif of Mexico. It also fondincts many SAR missions 
in the Caribbean Sea and the North Atlantic Ocean off the 


Memadian coast. 


fee ALRCRAFT CHARACTERISTICS 
ieee tU- lobe Grumman Albatross" 

The Grumman HU-16E twin reciprocating-engine, 
amphibious, fixed-wing aircraft, is capable of performing 
medium logistic missions, but is used primarily as a 
Surveillance and search vehicle with rescue equipment (rafts, 
dewatering pumps, general emergency supplies) and night 
MeMMinatlon delivery capability. Its normal cruising 
eeeoed 15 140 knots. The HU-16E effective offshore search 
radius with two and one-half hours of search time on-scene 
is 500 nautical miles. Although an amphibian, use of the 
HU-1i6E for water surface recovery was officially terminated 
in EY i, Soe 

2. HH-52A "Sikorsky Sea-Guard" 

The Sikorsky HH-52A single-turbine, amphibious 

Teeapters1s primarily a short-range SAR vehicle with a 


Miimecd sescucsequipment delivery capability. Also, it is 


UE 





iWsea tor small, light-weight, logistics missions and various 
iegpes or focal” Ssurveillancé® flights. The HH-S2A has a 
Mmomial Cruising Speed of 90 knots with a maximum offshore 
meee Of 150 nautical miles allowing a loiter time of 20 
Memutes on-scene. Because they have a single engine, 
mest GlWard dir Operations doctrine requires air cover for 
HH-52As when operating off the coast. 

Pio Se o1kKorsky Pelican" 

The Sikorsky HH-3F twin turbine, amphibious helicopter 
1s a medium-range SAR vehicle with a full rescue equipment 
and night illumination delivery capability. It is also 
capable of performing logistics missions and medium-range 
mavetilance flights. Its normal cruise speed is 125 
fmens, the HH-3F can either proceed 300 nautical miles 
offshore allowing a loiter time of 20 minutes on-scene or 
200 nautical miles allowing a loiter time of two and one- 
malt hours for search. 

Wane lou lockhneea Hercules" 

Tse Lockheed Het oUewaerOlr-cmoine, tunbo-prop, 
long-range, fixed-wing aircraft, is capable of performing 
major personnel and cargo logistics missions as well as 
Setended surveillance and search missions. It also has 
the capability of air dropping rescue equipment and pro- 
viding night illumination. At the time of this study, 
Pourmmugumana 'E' models of the HC-130 were in the 
COMLANTAREA inventory. The HC-130 has a normal cruising 


speed of 300 knots at altitude. The ''B'' model is capable 


We 





pumps oeeceaing twelve hundred miles offshore at high 
altitude, letting down and searching for two and one-half 
hours on two engines, and returning to base at high alti- 
Bcceee line “RE moagel HC-130 has an approximately thirty 
per cent increased range/endurance capability. 
5. Planned Medium-Range, Fixed-Wing Replacement Aircraft 
A replacement medium-range search/surveillance (MRS) 

“rmcrait 1s scheduled for implementation into the Coast 
Mara aviation system beginning in FY 74. The type air- 
part selected 1S anticipated to be a 

Pee Miced MLSSlTOn aircraft to perform MEP (marine 

environmental protection), short-range ELT (enforce- 

ment of laws and treaties) and other missions within 

ieomeapabitlity.''? 
Iimese aircraft are primarily intended to accomplish the 
non-SAR missions previously performed by HU-16E aircraft. 
faeeoae time of this study, two small turbojet aircraft 


with speeds of approximately 400 knots and ranges of 1200 


to 1800 nautical miles were being evaluated for this role. 


m@@oast Guard Aircraft Characteristics Board Report 
dated 31 May 1972. 


IES 





Gem KCRAFT ALLOCATIONS 


Pee OMbANiAREA Aircraft Assignments in FY 73 





UNIT Geil) HUZITOE ioe SoZ A BINS, 
Portland - - - 3 - 
Cape Cod : 3 3 4 = 
Brooklyn - - 3 5 - 
Cape May = = | = 5 = 
fezabeth City 6 3 - 3 - 
Savannah - - - 3 - 
Miami - 5 - 3 - 
muerto Rico - g = : 
meer etersbureg - - 4 - = 
Mobile - 3 = : = 
New Orleans = = 4 5 
Houston - = . S : 
Serpus Christi = 4 - Z 


PeOOMPANtaAREA Planned Aarecraft Assignments in FY 78 


UNIT  C-130 HU-16E HH-3F HH-52A MRS 
Portland - - - 3 a 
Cape Cod 5 = 6 - 3 
Brooklyn : - ~ 7 : 
Cape May - - 2 A 
Eeezabeth City - = 4 - K) 
Savannah - - - 3 - 
Cocoa Beach & - ~ Z = 
Miami - - : 5 6 


14 





UNIT eo gL ULE Oe Cpl Se HH- 52A MRS 


Egerto Rico - : 2 . 7 
Se. Petersburg - - S Z : 
Mobile - . : 7 
New Orleans - - 4 = < 
Houston - - : 4 : 
Wompus Christi - - a 2 3 


D. MISSION REQUIREMENTS AND PRIORITIES FOR COMLANTAREA 
Mea oe ALRCRAET 


monde result of the wide range of programs for which the 
Coast Guard is responsible, many extremely varied types of 
missions must be performed. A general breakdown into 
mission classes is often made using SAR and non-SAR classi- 
fications. SAR missions normally have the highest priority. 
However, in COMLANTAREA only approximately thirty-two per 
meomtmor the total HC-130 flight hours and forty-one per cent 
@mecine program HC-130 flight hours are devoted to SAR 
Missions. ifthis is not to minimize the importance of the SAR 
fmesponsibilities for PREM COMEANTAREA HG-130s. By their very 
nature SAR missions are normally emergencies which require 
quick and efficient action. However, to study the efficient 
utilization of HC-130s in COMLANTAREA, the non-SAR require- 
temes as well as the more critical SAR requirements for 


flight hours must be identified and given due consideration. 


i 





ieee oAR Massions 
(iWeteware Many ditterent types of SAR missions 
mien include, but are not limited to: 
Routine searches for overdue boats. 
Removal of personnel from vessels or water. 
Pearening £0r Survivors of disasters at sea, 


“inbomne delivery of rafts, survival equipment and 
dewatering pumps. 


Night illumination by flares. 

[ieesemecnt Of alrcraft in distress. 

Navigational assistance. 

merveriliance of distressed craft. 
Depending on the type of case, One Or mone aircratt may be 
required. As noted in paragraph B above, many of the air- 
Craft types have overlapping operational capabilities. The 
Me-ous because of their Size, endurance and speed, are 
Perttcularly well suited for long searches, long-term 
Surveillance of distressed craft, navigational assistance, 
ment Vilumination, and distressed aircraft intercepts. 
ie HC-130S can perform all missions except the retrieval 
SuesurVvivors from the water or surface craft. Also, 
because of its crew size and extenSive communications 
capability, the HC-130 is a very effective on-scene 
commander platform for search efforts involving many units. 

The assignment of priorities to SAR missions 1S a 

matter of command decision. When sufficient resources of 


Bieeccaquired type are available priorities need not be 
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Zewomeed. “mowever, when this 1s not the case, aircraft 
eset tution decisions must be made, and aircraft must 
be allocated among missions. Every situation is different 
Mieenmust be treated individually. Aircraft allocation 
depends on the decision-maker's opinion of the relative 
Mieency Of Cach case. Even in times of SAR mission satura- 
meron every effort is made to give Baen case at least 
Martial coverage. When mission requirements exceed the 
Meast Guard's resources, assistance is normally requested, 
mma received, trom the U. S. Air Force Air Rescue and 
Meeevery service as well as other military organizations. 
2. Non-SAR Missions 

DiMiOUgedeilvilre Int@ Specific program definitions, 
mon-SAR aircraft missions may be primarily characterized as 
transportation of personnel and cargo, training and 
mmeveiliance flights. “Due to the location of U. S. Coast 
Guard Headquarters, the U. S. Coast Guard Academy and the 
U. S. Coast Guard Aircraft Repair and Supply Center within 
COMLANTAREA and the aviation requirements of the Inter- 
national Ice Patrol the non-SAR mission load for COMLANTAREA 
peererart is heavy. The HC-130s, with their range, size and 
peed, are Utilized to satisfy a large portion of the non- 
SAR work load in COMLANTAREA. 

Nonm-oAR Missions are generated by U. S. Coast 
Guard Headquarters, COMLANTAREA and the individual district 
commanders. In general, non-SAR missions are lower in 


PirOonity classification than all SAR missions. The only 


7 





Seem erons are the International Ice Patrol flights 

aueane the ice season and a very limited number of 
meaeecmety high priority logistics flights. The exception 
homeene international Ice Patrol flights is made because 
Miese flights very closely approach full SAR mission 
meaeus in their importance to the preservation of life and 
meee ie 1ce Season varies in different years but 
Semaliy runs from March through July. During this period 
approximately four flights per week are required with on- 
eeene times of four to five hours over the general area 

of the Grand Banks of Newfoundland. Since the decommis- 
euuomine of CGAS Argentia in FY 67 one HC-130 aircraft with 
double crew has been operated on a temporary additional 
mmeyestatus from airfields in eastern Canada during the ice 
Marre! season. The crews are rotated on a two-week cycle 
memecic alreratt are rotated as required for periodic 
teammeenance, In addition to the flights during the ice 
season, several flights along the coast of Greenland are 
made throughout the VetieeOupredvemerhe ice flow, 

Tibiones teomethemiiags, Coast Guard Academy and the 
Electronics Engineering puancieare assigned by U, S. Coast 
Guard Headquarters. A heavy requirement exists for personnel 
transportation both for cadets and the U. S. Coast Guard 
Band to and from the academy which is located at New London, 
Gonpectrent. While particularly heavy during the summer 
months, the requirement exists throughout the year. Most 


of the flights are limited to the eastern half of the 
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United States. The primary flight requirements for the 
eweeeeast Guarda Electronics Branch with its field center 
meewiidwood, New Jersey, involve the transportation of 
personnel and equipment for monitoring Long Range Aid to 
Navaeation (LORAN) stations throughout the world. These 
Mmeents are normally designated for the ‘E'’ model HC-130 
Memeratt because of headquarters funding and the aircraft's 
@eectal Configuration. These missions last from three 
days to as long as two months. Coast Guard Headquarters 
meeemlrects the movement of supplies from the Aircraft 
Paeeereand Supply Center in Elizabeth City, North Carolina; 
Memoonnel and equipment transportation from Washington, 
Smee fOr Oceanographic research work; as well as general 
Meetetics flights from Washington, D. C., and other points 
imimeougiout the world. 

mueeaarttrton to international Ice Patrol flights, 
COMLANTAREA directs flights for movement of operational 
@ameeorsuch as equipment for air drop to vessels underway 
and oil pee cement liquids and apparatus, as well as 
Mee illance flights. Surveillance flights are conducted 
Pima Varicty Of reasons including the enforcement of 
iPmieamie treaties and detection of 011 pollution. The non- 
SAR flight requirements generated by the individual district 
commanders consist primarily of small-scale personnel and 
equipment transportation, as well as surveillance missions 


PMemicitcepeer cover flights for HH-S2As operating offshore. 


1s 
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The assignment of priorities for non-SAR missions 
feenot soeericilcal as =that for SAR missions because the 
preservation of human life normally is not involved. 
meen the non-SAR mission classification, the highest 
ferotities involve the International Ice Patrol flights, 
Semeical operational cargo movement, and personnel trans- 
portation. Unlike SAR missions, many non-SAR missions 
Smmconveniently bem@elayed or, if necessary, performed 


by other means. 


E. NON-OPERATIONAL FACTORS AFFECTING AIRCRAFT AVAILABILITY 

iene mance basicaly stikce tactors which affect the 
wewlability of aircraft which are not already operational- 
iedeployed, These factors are maintenance, manning person- 
mel, and weather. 

1. Maintenance 

BMeciallvealedittiemlties and preventative maintenance 

eurteria are the primary limitation on aircraft availability. 
Aircraft mechanical discrepancies normally are found during 
Geerttight inspection, in flight, and during post-flight 
inspection. Depending on the seriousness of the mechanical 
discrepancies which occur in flight, the mission may be 
C€ither completed or aborted. HC-130 discrepancies may 
heodmare as little as fifteen minutes, or as many as three 
weermeomeanrect, Of course, the delay may be longer if 
Peeeesedre not readily available, or an “out of house" 


inspection team's assistance is required. 
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Mites preventive Maintenance iS currently conducted 
Srime Madneemance check periods. Aircraft checks for HC-130 
mibgerait are mandatory after every sixty-three calendar 
mmo Or two hundred flight hours, whichever occurs first 
Meer ft). HC-130 aircraft checks require an average of 
seven calendar days. Extensions on day/flight hour limita- 
mows between aircraft checks are extremely limited, thus 
Creating another factor that must be considered in assigning 
@ercratt to misSions. Due to limitations on space and man- 
power, having more than one HC-130 requiring a maintenance 
check at a particular time must be avoided. The evaluation 
Of a Computerized maintenance program for HC-130s was 
fmmerated in FY 73 [Ref. 1]. If found feasible, and imple- 
mented, such a program would greatly reduce or possibly 
negate the large down-time required for each aircraft check. 

2. Manning Personnel 

MecRnOuna Ope batdOnal crew fOr an HC-150 varies 
from five to nine depending on the type mission being con- 
aucted. Although the GeastwGuararplaces flight hour and 
Mesocrated rest Criteria limitations on aircrew members, 
pemaciuneated in Ret. 3, the availability of qualified 
aircrew personnel is seldom a limiting factor for aircraft 
availability at home stations. During "non-working" hours 
ready crews are kept aboard air stations for immediate SAR 
mission response and additional crews can normally be 


becalled Without undue delay. 


Ze 





See Weatner 
The weather factor/effect generally depends on 

time of year and locale. When weather at fields where 
aircraft are located is below instrument flight rule minimums 
feet att Will not depart for other than the most critically 
Mmeeent SAR cases. While sometimes a factor restricting 
the use of aircraft on-scene for SAR or other operational 
missions in COMLANTAREA, weather only infrequently affects 


maemavVailability of aircraft for such missions. 


ReeeeMEASURES OF EFFECTIVENESS 

Because of the multi-type mission requirements of the 
COMLANTAREA HC-130s, the limited number of these aircraft 
available, and the megierie ead operational budget of the 
east Guard, it 1S important that meaningful measures of 
Sperational effectiveness, in both of the major mission 
mosttications and overall economical effectiveness, 
femaolrccted and Considered as part of a total decision 
assistance package. 

iiemedeterminatron ot Measures Of operational effective- 
Peers particularly difficult in the case of SAR missions 
in view of the often intangible results achieved. To use 
the number of human lives assisted or saved as a measure 
@f SAR operational effectiveness would be as gross an over- 
Simplification as would the use of unanswered SAR cases. 
In one situation a search may be conducted for many days 


Mmmeeveraleditterent UnitS without a successful conclusion. 
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itemotcner Case a rescue vehicle may be directed to the 
eeeme oO. COncern and a rescue effected within minutes. 
fierce tne latter case gives a more graphic display of 
eimeectiveness, it cannot be assumed that the performance 
Of units in the former situation was operationally ineffec- 
mage, Meaningful measures of SAR effectiveness might 
me lude speed of response, ability to respond in the quantity 
emaecduration desire@S or number of SAR flights completed. 
| Measures of etiectiveness for non-SAR missions are 
more readily available in view of the generally "go/no- go" 
fieeetre Of the missions. Possible measures of effectiveness 
might include number of non-SAR flights completed, fine 
Peron -oAR mMassions not performed, or failures to respond 
Mmeceite GUuantity Or for the duration required. 
feiss simpertant to realize that both SAR and non-SAR 
meneeciyeness will be affected by command priority decisions 
Within, and between, these flight mission classifications. 
Timltrcroneliiethe cost Of HC-130 operations 1S primarily 
affected by non-productive miiehte WoUurs s|extra flight hours 
meaquired £Or a mission caused by the responding aircraft 
memo cing at the air Station closest to the mission loca- 
BEM enuNber OF SUpport facilities maintained, and require- 
Nemecetor deployment of aircraft and crews. These factors 
Peovide a basis for developing economic measures of 


effectiveness. 
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Dee io nODOLOGY 


To facilitate the evaluation of the effectiveness and 
m@es0clated costs of different distributions of the available 
feetroU aircraft in COMLANTAREA a simulation model of Coast 
Sierd alrcraft operations in the Atlantic Ocean and Gulf of 
Mexico was required. Although a seach and rescue simula- 
meeremodel has been developed for the United States Coast 
Giard {[Ref. 4], it does not address the service's non-SAR 
eestor responsibilities. In addition, it models neither 
@memarea nor the specific resources of concern in this study 
mumpeiemdesree of Sipmiticance required. Therefore, a new 
Simulation of the required scope and -detail was developed. 
iveesimulation developed specifically for this study is a 
merece One-hour time step, stochastic model programmed in 
FORTRAN IV for the IBM-360 computer. The program requires 
meproximately 170K of core storage and a running time in 
the valkea ni ty Ot twenty seconds per replication year. The 
Simulation model produces means and variances of selected 


{ 
mooUres GL bot Cost and operational effectiveness. 


A. SIMULATION MODEL 

The Simulation model consists of a main program and five 
Subroutines. The model stochastically develops SAR cases 
and non-SAR missions with exponential interarrival times. 


iemee-cceatd missions are then handled with available 


ewoomonee it possible, with helicopters when HC-150s are 
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ioemevamlable, according to a predefined set of decision 
mes, sot the conclusion of each case and mission the 
number of mission flight hours and/or case on-scene hours 
mm@eeecould not be Satisfied with HC-130s or helicopters 
mee recomded. When an HC-130 must undertake a case or mis- 
moe srom an air Station which is not the station closest 
to the case or mission the extra flight hours required are 
mere d. When HC-13@s are required to remain overnight 
(RON) at air stations other than the one to which they are 
maeeeoned because Of maintenance difficulties or crew flight 
meme restrictions, the RONs are tallied. 

Picw amilation model 15 designed to allow selection of 
mayor three sites on the east coast of the United States 
as prospective locations for as many as fifteen HC-130s 
(total). Provision has been made for as many as 25 heli- 
“peer Stations On the eastern and gulf coasts. The operator 
m@meespecity more than 250 variable parameters in the program 
ranging from weather factors to SAR case and mission 
priority distributions. Peelebonine sOd tie Variable Input 
parameters may be found in Appendix B. Seasonal variables 
such as weather, case occurrence rates and location distri- 
butions may be entered by months and the program automatical- 
ly alters these parameters each simulation month. Some of 
the other operational refinements that the simulation model 
pessesses imcilude: 

weminesaeiteabort Of aircraft. 


Peete shitting Of aircraft between SAR cases. 
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Pemobsctitttion of helicopters for HC-130s. 
Pom olesang sot air Stations due to weather. 


fy Maintenance downing of aircraft upon landing and 
at start-up. 


foeeolisctine avallability rates for helicopters as 
determined by number assigned to station and 
munoer on HC-150 cases. 


(7) Holding of non-SAR missions for variable periods 
tiles eare mot avallable. 


foebuilt-in decision rules for allocation oft HC-130s 
among cases and missions when insufficient resources 
erst. 


(9) Continuous on-scene coverage capability on SAR 
Paseo Lor up to 24 heurs. 


moje ASSignment of up to four HC-130s to a particular 
SAR case. 


eel Shitting Of aircraft between alr stations. 
Peeaetailed discussion of the simulation model's execution 
mmeoeedures and decision rules is contained in Appendix D. 
1. Assumptions 

Most of the design assumptions made in the 
momomter Simulation were included for simplicity. Other 
SeouMPtLons, implicit in the operation of the program, were 
necessitated by a lack of factual data. The model assump- 
moms ine lude: 

a. SAR Case and Non-SAR Mission Occurrence Times 

Both sets of occurrence times are assumed to 

Demedanacterized by Poisson distributions. Three separate 
rates are used for each month: two for SAR and one for 


non-SAR missions. The SAR mission rates are for peak rate 
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and non-peak rate days in the week. Occurrence rates are 
Mecumed to be unaffected by time of day. 
b. SAR and Non-SAR Mission Departure Times 
Because of daylight conditions, it is assumed 
that aircraft will not depart on non-continuous SAR cases 
peor to 0600 or after 1600 daily. Normal mission departure 
times are assumed to be at 0800 and 1200 daily. Special mis- 
Sions and continuous SAR case departures are made regardless 
Meetime of day. 
Guess) Maintenance Discrepancy Times 
fietcmaoolinedatmat discrepancies on HC-150s are 
moeoea in tlight, after landing and on start-up. 
d. Area Design 
The Gast coast of the United States 1s represented 
Sea Straight line running approximately through Otis Air 
memee Base, Massachusetts, and Daytona Beach, Florida. The 
fon ou Mexico 1S then modeled as a rectangle extending to 
Mes west and displaced slightly to the south, The displace- 
fteme tO the South is done to keep flight distances as 
Pearly in proportion as possible. The southern limit of 
micesimullated area is represented by a line perpendicular 
to an extension of the simulated Atlantic coast line and 
passing 20 nautical miles southwest of Mérida on the Yucatan 
Peninsula. Air stations and mission pick up points within 
Mvenautical miles of the simulated coast inigese ate ple 
ieetca perpendicular to the simulated coast lines. See 


Pieeure 1. 
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ee we Case Positions 
A discrete distribution of cases between the 
foeeet Third and Fifth, and Seventh and Eighth Coast Guard 
Meter icts is Used. For all cases in the Atlantic Ocean, 
mmemarstances Offshore are assumed to be exponentially dis- 
@eeputea trom 10 to 1,000 nautical miles with the mean 
imerance being specified by the operator. ae tine Gt not 
mewereo all cases are assumed to be uniformly distributed 
Mm@imouehnout the area. In the Atlantic Ocean all cases 
Eeecptetumose in the First Coast Guard District north of 
Maine are assumed to be uniformly distributed along the 
Merot Within the respective district proupings. Cases 
meameeric First Coast Guard District north of Maine are 
Pecumea to be exponentially distributed along the coast 
mom Marne north. 
Memliimechicne1 onal Ice Patrol 
It is assumed that one HC-130 from the most 
Menrticrnm air station having HC-130s assigned will be 
deployed for the period March through July and will fly 
500 hours on iecmoatne), , 
belch SAO Lr t 
Pomona odndberting a tlight 1t 1S assumed 
mteeaireraftt will fly directly to the closest HC-130 air 
Station at 200 knots. Aborts are only considered for SAR 
ereomrluehtseand flights transferring aircraft between 


mee 150 stations. 
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h. Operating Locations 
ft 1S assumed that HC-130s will only operate 
out of, and RON at, designated HC-130 air stations. 
Pome nance necOovery Capability 
Mimericmeventrot HC-150 non-availability 1t is 
assumed that HH-3F helicopters are preferable to HH-52A 
Meecopters for substitution 1f the case location and type 
are amenable to helicopter substitution. The simulation 
does not provide for MRS aircraft as they are considered to 
be designated for specialized non-SAR missions. 
i. peeeeteint Pas eances 
MmmcdtSeanecsmeO oAR Cases amnewconsidered to 
iemotraight jane distances. Distances between air stations 
and other locations ashore are computed as straight line 
mierences and then corrected for increases caused by flying 
airway routes. 
eee ecrsonne! Availability 
It is assumed that personnel availability is 
Moesd tactor in determining chipg@edde ta Vambeabalacty Or 417 — 
Craft at their home air stations. For aircraft away from 
Mean nome Stations, flight crew rest criteria are considered 
aS) Fl PiitEMieetaetommin time return Of such aircraft to their 
home stations. 
i ohoeuelones REStrIcCtions 
In selecting possible allocation alternatives 
between three proposed locations it is assumed that no less 


than three HC-130s will be assigned to one location. 
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i semper Of Adrcratft Assigned to SAR Cases 
Preto ewissumed that no more than four HC-130s 
wie be assigned to any one SAR caSe. 
n. Non-SAR Mission Origin Locations 
Thee pimmhany Origin Jocations for HC-130 mission 
requirements are considered to be at the three proposed 
me—-150 air stations, the U. S. Coast Guard Academy, 
mamineton, DPD. C., and the five district offices in 
COMLANTAREA. 
oO.  Meainine Flights 
Mrlesterainine flights consume a large portion 
eave lilable flight time they are not considered to be a 
Memiting criterion in fulfiliment of SAR and non-SAR mis- 
eaeem requirements, tJherefore, training flights are not 
provided for within the simulation model. 
Pueoinerare Accountability 
MG=150S @m SAR cases are launched and returned 
for each individual sortie. HC-130s on non-SAR missions 
are launched for the mission and are assumed to be unavail- 
able for other missions or cases until termination of the 
mission to which assigned. 
oe,  He-1350eMaantenance 
The minimum down time due to any one mechanical 
discrepancy considered by the simulation is two hours and 
the maximum is 72 hours. It has been assumed that the com- 


puterized check procedure will be in effect, thus alleviating 
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ieree down times for check maintenance. All HC-130s 
returning from flights which do not have mechanical 
erserepancles are considered unavailable for one hour after 
Mamaie. this provides for refueling, etc. These "refuel- 
mae eper1lods’ are not tallied as down times. 

r. HC-150 Flight Endurance 

It 1s assumed that the reserteen ved fen goo 

Cendurance for HC-130s, allowing adequate fuel reserve, is 
ten hours. 

See ttc: Airerart Location 

Cmetueatrenart 1s tO be diverted or must abort 
a flight it is assumed to be half way between its initial 
Meeinterim point of departure and interim or final destina- 
meen Or at the SAR case datum point depending on its employ- 
ment status. 
Ze Veritication 

The simulation model was constructed by sectioning 
the main program and adding subroutines as new sections of 
Mieemain program which required the use of a particular 
Pmeroluine were developed. After each milestone in pro- 
eramming was reached, such as case occurrence time 
Peneration, mission characteristics generation in subroutine 
Miermedddit10n of Subroutine PLANE, etc., verification runs 
were made, The purpese of the verification runs was to 
ensure that the newly added portion of the program was 


performing as the programmer intended and also to be sure 
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Preeetne Operation of the previously programmed portion 
of the model had not been altered by the new addition. 
The model was debugged and positive verification com- 
meted atter each milestone before proceeding further. 
bee) Validation 

Vewecrtroieot the model réquired specific real 
world data with which to compare the results obtained 
meom the model. Although data are available on HC-130 
@perations in COMLANTAREA, they are not in the form 
meauanred by the model. The only data readily available 
mre the number of hours the COMLANTAREA HC-130s have flown. 
These hours are broken down by programs but breakdowns 
Peeehian the program areas are not available. General SAR 
data breakdowns are supplied to Coast Guard Headquarters 
but the capability to readily aggregate this information 
Mme Specific détail required by the subject simulation 
Mees snot, as yet, exist. 

imorcenscOmappneacm Validation of the simulation 
model the program flight data for COMLANTAREA HC-130s in 
FYs 70-72 were gathered. The data were then organized into 
miewitorm required by the model by subjective analysis 
based on experience. The other variable parameters required 
by the program were selected ina like manner. The simula- 
Pueimewas then run wath six HC-130s located at CGAS Elizabeth 
City, North Carolina, which was the assignment situation 
iiteme the seneral data were gathered. Using a confidence 


tee! Of 95% and uncertainty limit of 5% the simulation 
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midpeated that 6.44% of the SAR case on-scene hours and 
fee Of the mission hours which were actually covered 
wouloenot be covered under the simulated conditions. 
Realazing that a computer simulation can only approach 
miereal world and can never be programmed to institute 

mae Vast Capability of the human mind to adapt to constant- 
ieeeeniiting decision situations, the results of this valida- 
meomerun are considered to indicate that the model, within 
Merits, favorably reflects the system as it actually 
Operates. 

MWhiicimeolulstacuron ai the yalidity of the model 
is gained when evaluating the results of the sensitivity 
analysis. 

4, Sensitivity Analysis 

After the base parameters had been determined for 
miemirrst year to be investigated--FY 75--a sensitivity 
analysis of the simulation was conducted using an assign- 
Meme distribution of three HC-130s at the central air 
station and five at the southern air station. Individual 
Datameters were changed, usually by 10%, with the other 
parameters fixed at their base values. In the case of 
Merete Cumulative distribution functions (CDFs), the 
mean values of the CDFs were shifted 10%. Relative changes 
MmcilemMedhn Statistics were calculated as percentage 
increases or decreases from the base mean statistics. 

When the total SAR on-scene hours and/or mission flight 


hours requested were changed due to a change in a base 
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mmatietcr, tne relative Changes in the mean statistics 
were calculated as changes in percentages using base mean 
memeistics and base total hours requested versus the newly 
penerated mean statistics and total hours requested. 

The results of the sensitivity analysis are tabulated 
fieeppendix C. Few of the parameter changes effected major 
@mameecs in the measures of effectiveness or cost and all of 
miemchanges corresponded with what could be expected in 
tice actual operational system. The most significant changes 
meouited when the mean priorities of the SAR cases and non- 
= hemissions were altered. Of particular note was the 
Mergative Stability of the SAR coverage as compared to the 
mission coverage. This would indicate that the simulation, 
Meee the base parameters as specified, is biased toward 
mie oAR work load. This bias is also indicated in the 
Saanees produced by increasing the SAR cases and non-SAR 
missions per year with the greater losses being found in 
mission flight hours. Significant decreases in both mission 
mm OAR Coverage were noted with a shift of mean SAR case 
location 10% to the north which is understandable in 
Peeoht of the aircraft assignment distribution used for the 
wim sisae Also worthy of note is the relative insignifi- 
G€ance of changes resulting from altering the helicopter 


availability parameters. 
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Peee@GAoURES OF EFFECTIVENESS 

Peetuse OL the milfi-purpose role filled by HC-130s, a 
Sumele measure of Operational effectiveness such as total 
number of hours flown is considered inappropriate. With 
the general split in the HC-130 responsibilities being made 
between SAR and non-SAR missions, a measure of operational 
Secetivyeness for each of these two major employment classi- 
fications is considered necessary. By selecting a measure 
of effectiveness for each of the two general employment 
classifications the manager/decision-maker is presented 
Peciea more detailed picture and is provided with the 
Seepertunity to individually weigh the importance of each 
ments Operational utility function. 

MieetcascunessOL Operation efirectiveness selected in 
Mes study are the number of SAR on-scene hours requested 
tMat cannot be satisfied and the number of non-SAR mission 
Mmmeent hours requested that cannot be flown. Several 
alternative measures of effectiveness were evaluated but, 
because of the general GhamiemerisStressor the HC-150, 
Mmiesce measures were considered to be the most representa- 
fmmesperzrormance level indicators of HC-150 operational 


meguarement Ss. 


Pee LEVANT COST FACTORS 
ineevelicduimousthe Costs corresponding to the different 
Porenetal assigninent distributions of the HC-150s in 


COMLANTAREA, the relevant costs, those costs that will 
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mimewith the ditferent assignment distributions, must be 
memtiaied, With the acquisition of the aircraft already 
Peeermined and thus the requirement for flight crews fixed, 
fmey OL the overall system costs could be disregarded as 
maependent of the assignment decision to be made. 

ihe relevant costs, depending on the assignment 
Sietribution being considered, fall ee titce. Or Od 
Beeessiiications: base procurement, facility construction 
Sceimprovement, and operating costs. Base procurement 
@eetei1s relevant in the situation where HC-130s are to be 
Meenoned to a location where a military air field has not 
weloted previously. Facility construction and improve- 
imeme costs are involved whenever, due to the addition of 
Meeo0S or because of continued assignment of HC-130s, 
feweeneansars and other facilities must be built or renovated. 

iitemvroad Classification of operating costs can be 
Perc into direct and indirect operating costs. Direct 
Operating costs include those costs resulting from the 
ferudl operation of the aircraft. In evaluating the 
differences between Mocatlonedistrlputi1ons the relevant 
costs are the fuel and maintenance costs of operational and 
extra flight hours flown and the per diem costs associated 
with flight crews that must remain away from their home 
units. The simulation model gathers both the extra flight 
mours and RON statistics which result from the various 
assignment distributions of aircraft during each simulation 
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Nicenetecnetalty relevant indirect operating costs 
fee ude : 


Seemreditzonal base Operating expenses resulting from 
Mavriemmc-150S at two different air stations. 


SemcostsoL Maintaining Separate inventories of repair 
parts and maintenance equipment, and 


fe yecommand and control costs associated with adding 
amlorner alrsStation. 
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i eee Diy ELOPMENT AND ANALYSIS 


mometowine tne Selection of relevant cost factors and 
Meaminetul measures of effectiveness it was necessary to 
Peeeweise the simulation model to obtain the data pertinent 


meewene study. 


fee CASE SPECIFICATION 

Ggemrinst requirement, in order to exercise the model, 
base to specify the basic inputs for the first year to be 
Mm@emagercd, FY 75. As pointed out in Chapter III, a data 
rem the form and detail required by the~model is not 
meewable, In order to develop the values of the basic 
mages and requirements for the first year, data in varying 
forms were gathered and transformed--through subjective 
Meysis based on experience with the system--into input 
Mewesetor the specification variables of the model. The 
basic variable values may be found in Appendix B. 

Peemotcd im the sensitivity analysis discussion, the 
moevariables which displayed the greatest effect on the 
model results were the general SAR case location distribu- 
Groleand the SAR case and non-SAR mission loads. To 
specify the general SAR case location distribution, FY 71 
data on case distances offshore (by districts) was obtained 
paamimeertaced With district aircraft trackline miles found 
Mimetee oa. inese factors were considered indicative of 


PevewaiehC-150 SAR case location distributions because of 
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mremwaircratt’s primary SAR utilization as a long-range 
merece venicle, ithe results obtained indicated fifteen 
meee meeoieune HC-150 cases occur in the First Coast 
Meera District, twenty-five per cent in the Third and 
Pepe Coast Guard Districts and the remaining sixty per 
@emitein the Seventh and Eighth Coast Guard Districts. 

Piemicrenmination of projected FY 75 HC-130 requested 
Beek Case on-scene and non-SAR mission flight hours was, 
@eemecessity, highly subjective. This was caused by the 
fact that the Coast Guard has never maintained data on 
meemrequests for HIC-130 services which have not been met 
mmoealso because the model differentiates in its treat- 
ment of domestic and deployment SAR requirements. Domestic 
meee requirements are those SAR cases which are met on a 
continuing basis from the proposed HC-130 air stations and 
meemthe SAR cases modeled in the simulation. Deployment 
SAR requirements are those cases which are outside of the 
Pode COMLANIAREA operating areas. These cases are 
modeled as priority Sie NON oAkemisszons in thegsimulation. 
Peoiies factor contributing to this subjectivity in case 
and mission load selections was the assumption that the 
medium-range Surveillance (MRS) aircraft would not perform 
Pon flights. 

Peedets tom the subjective determination of FY 75 SAR 
and miss20n loads was the forecast requirements found in 
Poteet One-half of the HC-130 Marine Environmental 


Peoeection (MEP) and Enforcement of Laws and Treaties (ELT) 
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mepeire nour requirements [{Ref. 1] were transferred to the 
Pieoeairerait and) in return, one-half of the MRS projected 
Pmerequirements were transferred to the HC-130s. One 
oeeerter Of the projected SAR hours forecast for HC-130s 
Mere transferred to the HC-130 non-SAR mission load as 
Mmeproyment SAR cases. Finally, ten per cent of the total 
HC-130 SAR hours remaining were cut as enroute time because 
meeemodel only considers on-scene time. Ten per cent is 
meme to be sufficiently low so that the remaining enroute 
memes Coupled with the added MRS SAR requirements give a 
Detect indication of the total needs for HC-130 services. 
A less satisfactory alternative would be the normally 
programmed number of hours the aircraft are expected to be 
memento accomplish. This requirement for desired versus 
programmed capability was also met for "non-SAR" mission 
memo Wours by transferring only half of the HC-130 MEP/ELT 
Meret Nour requirements to the MRS aircraft. 

Helicopter assignments and availabilities were based 
on the projected assignment Status in Ref. 1 and the 
readiness data found in Ref. 6. Because the model does 
not eaide for aircraft maintenance down-time other than 
during start-up and landing, these figures, both for 
probability of down status and the duration of down-time, 
appear high. However, the selected parameter values 
produce acceptable overall down-time during the model's 
Dewmmormance, an effective range of 25 to 30 per cent of the 


Poeenital HC-130 flight hours available. 
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Ieee DALA PRODUCTION PROCEDURES 

Dearasworne gathered tor the projected remaining operational 
Mmeeetime of the HC-130s, FY 75 through FY 84. The forecast 
annual growth rate for maritime activity MY the age auu@n 
memecrn 1S 4.4% [Ref. 7]. Reference 1 forecasts an 
meeimemeing requirement for HC-130 SAR hours throughout the 
ten-year period which would indicate that this forecast 
mequirement figuresas considered a program limit rather 
meme true "requirement’ or need for HC-130 SAR flight 
memes, Although the forecast HC-130 mission flight hour 
meomrrements in Ref. 1 fluctuate, they do not show any 
significant growth rate. This view is not consistent with 
Mmeethrust of this study: To consider iC memento € Ot 
mreonment location on the ability to meet all requirements 
meteor HC-130 services. Therefore, without other guide- 
lines available, a 4.4% growth rate per annum was used to 
forecast yearly SAR on-scene and non-SAR mission flight 
Mente loads projected from the FY 75 base loads, The SAR 
on-scene and mission fliciMtenourerequrrements specified 
moeeecacn year may be found in Appendix A, 

The three assignment locations evaluated in this study 
were the primary sites now under consideration by the Coast 
ewemdecGnks Cape Cod, CGAS Elizabeth City and the St. 
Petersburg-Clearwater International Airport. The number of 
Ppivedtians required for each assignment distribution in 
Ptenmyear was calculated for a confidence level of 0.95 


Sioeanmeuncertainty limit of 0.05. However, because of 


42 





computer time and scheduling limitations, each assignment 
Geestribution was exercised for a fixed 100 replication years. 
moulowing the completion of runs for all twelve assignment 
Seietributions for a particular year, the SAR case and non- 
BAR Mission loads were increased by the 4.4% per annum growth 
factor and the random number generator seeds set at the ter- 
Mination values from the previous year's runs. Runs for the 
Memte year were then made. A summary of the resulting data 


Mmeeontained in Appendix A. 


fee DATA ANALYSIS AND RESULTS 

Peeermination of the number of replication years 
meaquired to meet the specified confidence level and uncer- 
Memity limit (0.95, 0.05) was based on the assumption that 
Mmiemoutput data are normally distributed, a direct applica- 
meomeot the Central Limit Theorem, The computational form 


Msed in the program is 


2 y 2 
n= [| 1 
Cols 


Moore N= Number of Replication Years required. 
a Siomidmmechrtredi = varie for contidence level. 
be= Uncertainty limit. 
x = Observation (year mean). 


Peeunethe N yalue calculated for specified E and C values, 
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the 





for 
Cok 


Value can be determined. Therefore, although a set 100 
mopleilcation years were run for each assignment distribution 
Mmeeamaless Of the N value calculated, the actual uncertainty 
mt achieved in the 100 replication years’‘can be deter- 


mined by 





Pomlowing the completion of all computer runs, the maximum 
Maieertainty limits of SAR on-scene hours not satisfied, 
ieee ton itlight hours not performed, extra hours flown and 
Meelis RONS were determined for each aircraft distribution. 
Mime Valtics range from 2.56 to 8.77 per cent and may be 
momma in Appendix A. Statistical significance of the results 
Soma then be identified by upper/lower bound comparisons of 
eae data, | 
ie. Operational Effectiveness Results 

ice Olmening ailrerdtt distributions are ranked 
mememe order Of E€rfectiveness from high to low for the ten 
Permmoestucdied, FY 75 to FY 84. The vertical lines to the 
meeteDound Statistically insignificant differences ‘in 


meswlts at the 95% confidence level. 
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Meso ON EFPECTIVENESS 
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0 3 5 SUIN5S 
0 4 4 SiS 
3 0 a Sil Os 
0 5 3 Sie 
4 0 4 a2. 40 
0 0 8 Sed Oe 
5 0 3 35 al! 
Sy 5 0 Sy a2 
4 4 0 SCS 
0 8 0 SROs. 
5 3 0 SF ahs: 
8 0 0 41.97 


Meetrapm Of these results is contained in Appendix A. 


45 





ec 


O72 


Cost Results 
The costs developed in this study are in undiscounted 
fomlaGgsess!nas is)mnot considered to seriously affect the 


Metitity Of the cost portion of the study because 


Pemeeme Signitreance in the costs lies not in individual 


Paes ebpiultedine tne relative differences of costs 
Between the various aircraft location slaty Bogoh Beate h pis 


foe) of the one-time costsS will be incurred in the 


(c) 


(d) 


iVmisctetew years OL the program under each 
emete rina tive. 


imMewonlysimdirect Operating cost of a recurring 
Maicire Wl) be that due to changes in general 
Somvrce rating complements at CGAS Cape Cod and 
Dmeacwersolie-Cloarwater, if required, and, 


Mie Leciivine dircet Operating costs are only a 
Pmctrommon the Capability Of the HC-130s to meet 
fPietrewoperdtional requirements as determined by 
miei wlOCwmrOneanisare reldtively independent of 
decisions made after the initial assignment dis- 
Mier NOM ls sae termined . 


When addressing the question of costs associated 


feeeecne ditterent aircraft assignment distributions the 


mebetctical Significance of differences in the direct 


operational cost factors is not of key importance. What 


meamportant 1s the total relevant cost differentiations 


between the various assignment distributions. 


ee focuremontmand Indirect Operating Costs 


The relevant costs, other than direct operating 


Mees eG@t the airerait, include the following one-time cost 


eewemations made by the Coast Guard in its program budget- 


Picmroj;ections: 
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CeAoeCapesCod 

New Facility Construction $2,300,000 
CGAS Elizabeth City 

New Facility Construction $2,100,000 
St. Petersburg-Clearwater 

iO manieraciiaty Acquisition $ 750,000 


Facility Renovation Pec S0 000 
News Facility Construction 800,000 


$2,580,000 


Tf two locations are to be used an eStimated one-time 
expenditure of $760,000 will be required to set up a second 
Spare parts inventory and procure the necessary maintenance 
eamapment. In the event a Moca teOneOtner than, Or in 
miereeton tO, CGAS Elizabeth City 1S to be utilized, a 
Semplement of twenty-five general service ratings will 
mmpeeto be added to the subject station's personnel comple- 
Toate, 1nhisS will be a recurring cost over the period of 
Sencern. Computed at the Coast Guard cost planning factor 
of $12,000 per general service rating per year, the ten- 
year cost for twenty-five general service ratings will be 
boeu00 ,000. 

Conmi¢nerand Control costs other than the general 
Service ratings are not considered to be relevant in the 
study. This is because command and control personnel 
Pmesemihy exist at CGAS Cape Cod and CGAS Elizabeth City. 


Mimewe case Of St. Petersburg-Clearwater, if it 3s selected 
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mean HO-130 Station site, the Coast Guard plans to close 
jeer present CGAS St. Petersburg and transfer its command 
eamecontrol personnel from that station to the new site. 
pee ienecectwOperatcing Costs 

The relevant direct operating costs for this 
Spudy are considered to Bemerecetuel and Maintenance costs 
of the SAR on-scene, mission, and extra flight hours flown 
femeve?) aS the RON@per diem costs. The 1972 fuel and 
maintenance costs per HC-130 flight hour are $477. In 
meer tO drrive at a per diem cost for RONs, the size of 
M@eewtlicht crew must be specified and a mean situation as 
@emavailability of meals and quarters assumed. The size of 
oeeerk tlight crew iS assumed to be nine: three officers 
and six enlisted men. Assuming that the following distri- 


Dutz10n of meal and quarters availability could be expected, 


Available Proper tion 


Meals and Quarters 
Quarters only 
Meals only 


Nm ft NM oO 


Neither 


Pests Of $12.34 per officer and $9.93 per enlisted man were 
Obtained for a total cost of $96.60 per RON per flight 
Sicw 
€: Total and Differential Assignment Oriented Costs 
MicmromMlowing airerart distributions are ranked 
in the order of total ten-year costs relevant to variation 


in assignment locations from low to high: 
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Seerorast Distribution Costs 
cCOD ECITY sP-cs Non-Direct Direct Differential! 
0 8 0 $2.1 M $30.6 M $0.0 M 
0 0 § 5.6 30.7 3.5 
8 0 0 3.8 31.6 Ly, 
0 4 4 8.4 31.4 7.2 
0 5 3 8.4 sl (Rides 
0 3 31.5 78 
3 5 0 8.2 31.9 ee 
4 4 0 So8 ay 7.7 
5 3 0 8.2 BS 7.8 
3 0 5 11.6 31.7 LONG 
4 0 4 ines 3.8 10.8 
5 0 5 11.6 32.0 10.9 
7 


Mescts are in 1972 millions of dollars, 


yi fferential GOsts ate spasea On Minimum cost for assignment 


fmeoment HC-130s at CGAS Elizabeth City. 


Pweeecepn Gf these costs with operational effectiveness results 


memcontained in Appendix A, 
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V. SUMMARY OBSERVATIONS 


itesstibyect COSt-cirtectiveness Study is based on a 
computer simulation model. Thus, its validity is dependent 
on that of the mcdel and the method by which it was employed 
iene Study, Simulation models can only model significant 
fereerous Of the complex System they are intended to portray. 
imesmode] developed for this study is no different; its 
Seiplitying assumptions, both explicit and implicit, limit 
memeeric portrayal of the complex HC-150 air operations in 
MOMEANTAREA. For this reason, absolute cost and effective- 
Mess tigures produced by the model must be used with caution. 
Pewever, because observations of the Spalted) Cs On 
memyine aircraft assignment distributions to satisfy 
moemtrcal flight requirements were made under identical 
ferest On Criteria, tne relative capabilities of the distri- 
M@etons tO Satisfy these requirements and their differential 
Beets ae meme uiemand doe. in fact, indicate the relative 
emits Of each distribution. 

Pimexereising the simulation model several characteristics 
of HC-130 flight operations in COMLANTAREA came to light: 
meme XDecCtcCd, Some tnexpected. It is important to note, as 
momma during the Sensitivity analysis of the simulation 
fij@eelo that the Capability of a specific distribution of 
aircraft to meet the flight requirements imposed on the 


System is significantly affected by a shifting of the SAR 
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meee location dcisity. this 1S not a surprising result 
Mmieeic does zndicate that if a shift in SAR case activity 
@eeurs, 2a redistribution of aircraft may be necessary to 
femntain an optimal level of performance. 

[eso Of anterest is the fact that with the majority 
@t the SAR workload occurring in the Seventh and Eighth Coast 
Sera Districts, placing all of the HC-130s at the southern 
Pocation (St. Petersburg-Clearwater) does not result in 
miemmosm effective SAR performance. This is caused by 
mitewinteraction in the system between SAR and non-SAR 
M'ecloOn) requirements and the fact that the major portion of 
Mon-oAR misSion requirements exist in the north/central 
fmeon Of COMLANTAREA. Thus, the reduction in SAR per- 
ioomance Capability 1S a result of aircraft non-availability 
meee sOuthcrn area caused by HC-130s being sent from 
that area to perform SAR and non-SAR missions in the north/ 
central region. A similar cause and effect relationship 
memeound fOr non-SAR mission effectiveness when all of the 
me-1S0S are assigned POutNCmMoOrtncin= bocatron--CGAS Cape 
God. 

Observation of the SAR on-scene flight hour completion 
Pomeentages cmphasizes the fact that demands on the system 
are significantly beyond its operational capability. This 
Penmdsmio the conclusion that if the Coast Guard is to more 
adequately respond to requirements for fixed-wing aircraft 
eet light hours, it must cither increase its number of 
fixed-wing aircraft or utilize the proposed MRS aircraft 


mor SAR, 
SJ: 





Time total Cost Spread between the aircraft assignment 

eeerebutions 1S 10.9 million 1972 dollars for the ten-year 
Mmemrod Of the study, FY 75 through FY 84. The maximum 
areet Operating cost difference found for the differing 
meaecmment distributions is 1.7 million 1972 dollars. 
Mises indicates the most significant costs associated with 
mtemeoystcm will be the initial outlay costs for facility 
Megeurement, Construction and improvement, and the recur- 
Ying command and control costs. 

rminmmcCmexDccted, Chanping from a one-air Station 
meee Operation at CGAS Elizabeth City to either a single- 
station operation at another air station or to a two- 
oereron 11C-130 operation will be costly. The minimum 
mmeyear diiterential cost for any change in the location 
Om COMLANTAREA HC-130s will be $3.5M and the maximum could 
Bemot0.9M. It is particularly significant to note that 
a major portion of these differential costs must be incurred 
meme the first £ew years of operation for facility pro- 
eerement , construction and improvement and for spare parts 
miaemaintenance Cquipment procurement. In the case of 
shifting to a two-station operation these early program 
expenditures will run between $4.2M and $7.2M depending on 
mie Nocations selected. 

Mi-mmccults O08 TLnis Study provide the decision-maker 
With the ability to identify incremental changes in both 
SAR and non-SAR effectiveness associated with incremental 


changes in cost caused by changing from a single HC-150 
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meatnon Operation based at CGAS Elizabeth City as 


Hollows: 


PCG PeRCENTAGE CHANGES IN EFFECTIVENESS 








Peererait Distribution Changes 
CCOD melilyeeoP-CS SAR Non-SAR Costs* Total/$M** 
4 4 0 tee Z +9,71% $7.6M 0.76%/$M 
4 0 4 (OS) 7.01 es 1.38 
0 4 4 10.08 Bed Time Vel 
0 0 8 sem =) 2.4.0 S25 eds. 
3 eee Oommen 500 7-3 | 2.25 
5 0 5 oe 0 oO US Oey ea 
3 5 0 ORAS 6 7.4 es 2a 
8 0 0 7 ee Is Fe ‘Oia ea) Oe 
5 3 0 (-)0.94 9,44 7.8 P09 
5 0 3 Sr Z 6.86 10.9 ies 
0 5 5 Soi) Svat ee eos 


Seosts in 1972 millions of dollars. 


m@elotal effectiveness change per million dollar cost--SAR 
and non-SAR effectiveness weighted equally. 


ihewrimalbewdecision, Of course, rests with the decision- 
fares. the information provided by this study is only one 
of the inputs that must be considered in the overall decision 
mageess, in Conjunction with this information the decision- 
maker must not only weigh the relative importance of each of 
the main operational functions performed by the COMLANTAREA 
HC-130s but he must also take into account externalities 
Mieneas pOlitics, possible base closures by the Department 
of Defense--CGAS Cape Cod is located at Otis Air Force Base, 
Massachusetts--and forecasts of future funding capabilities. 

Pascamoolelysousthne cost and effectiveness factors 


considered by the study and with equal importance being 
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mye to the performance of SAR and non-SAR missions, it 
memeconcluded that the assignment of three HC-130 aircraft 
Memeo ks Elizabeth City and five at the St. Petersburg- 
Miearwater International Airport, reflecting a total 
@iememental effectiveness increase of 2.25% per million 
@ollars invested, would be the optimal cost-effective 
aeetonment distribution of eight HC-130s in the U. S. 


Meese Guard Atlantic Area. 
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APPENDIX A 


FISCAL YEAR FLIGHT HOUR REQUESTS 





Flight Hours Requested 


Onsocene 
ro 


| 90 | 3650 | sana 
5960 
1100 


36,180 41,810 
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SIMULATION MODEL OUTPUT DATA 


PPERCRAFT DISTRIBUTION: 
CGAS Cape Cod gel 
Gro Blizabeth City 4 
nl 


meee ecersopurg - Clearwater 


Mission On-Scene 
Poste ce hrs, Ee tet ic S-, 
Lost Lost 


petra 
Pile. ars. 


Fiscal 
wear 


* 


Maximum 
Uncertainty 
Himit (3) 





*at Poceeonrtlaence Level 
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SEU ELON MODEL OUTPUT DATA 


APeCRAFT DISTRIBUTION: 
GGA5 Cape Cod 4 
@GnS Elizabeth City | i 
at 


bee retersbpurg -~ Clearwater 






















Fi 9 Mission On-Scene — 
= Flt. Hrs. | Flt. Hrs. a Ss 
is Lost Lost = 


= 
uw 






Maximum 
Uncertainty 
Limit (3%) 


Fat 95% Confidence Level 


a 





SIMULATION MODEL OUTPUT DATA 


PeRCRAFT DISTRIBUTION: 
CGAS Cape Cod ae 
CGAS Elizabeth City a 
4. 


ee. Petersbumg - Clearwater 


Fr; 1 Mission 
mS Flt. Hrs. 
Year 
iS 






Maximum 


WmecrtLainty 
amit (2) 


*At 595% Cemfidence Level 
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SIMULATION MODEL OUTPUT DATA 


MmeRCRAFT DISTRIBUTION: 
CGAS Cape Cod 


@GAS Blizabeth City 


Ut 
Aue 
Boe 


pee eetersburg ~ Clearwater 
























Fiscal | pigs irs. | Fit. urs. | _Bxtra 
ea Peet hls. 
80 $50 1360 801 268 


278 


C 
“_ 
Se) 
ie) 
bd 
— 
> 
oe) 
© 
OO 
pl ba 
© 


289 


co 
eS) 
bd 
= 
wn 
Ss 
hom 
ON 
~ 
>) 
o.) 
CO 
oo) 


301 


eS 1810 907 SU 


CO 
NO 
.O 
4 
ho 
bad 
wn 
~] 
© 
CO 
ie 
© 


Maximum 


Umecertainty 
amit (3) 





Fat 95% Confidence Level 
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SIMULATION MODEL OUTPUT DATA 


foeneRarT DISTRIBUTION: 


CGAS Cape Cod | Cas 





CGAS Elizabeth City 


St. Petersburg - Clearwater 


Mission On--Scene oe ee 
Flt. Hrs. Flt. Hrs. ae Bae 
Leet iL@resie Se a 2 


Fiscal 
Year 





~] 
U1 


76 466 2 
77 508 
883 


CO 
ho 





Total 





Maximum 


Uncertainty 56 Sn Cee 
Mmamit (%) 





*At 95% Confidence Level 


Begorimal cost-effectiveness distribution of aircraft. 
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SIMULATION MODEL OUTPUT DATA 


PeRCRAFT DISTRIBUTION: 
CGAS Cape Cod a 
CGAS Elizabeth City Ren 
some 


mee Petersburg - Clearwater 



















On-Scene 
view isha 
Lost 


Mission 
rolite. ees. 
Lost 






mrscal 
Year 


Boer a 
Pete tes. 










G25 Ay 


Maximum * 
Uncertainty 
Mamit (3) 





a Sse COontiaence Level 





SIMULATION MODEL OUTPUT DATA 


Pence RAFT DISTRIBUTION: 
CGAS Cape Cod 


Gens Elizabeth City 


Pee 
2 
ale 


eee Petersburg - Clearwater 


















On-Scene 
ellie Babecue 
Lost 


Mauss lon 
PMG ees 
Lost 





IDS @ ca aksl 
Bite Hes, 


mascal 
Year 











Maximum ~* 
encertainty 
Limit (3%) 


*At 952 Confldence Level 


OZ 





SIMULATION MODEL OUTPUT DATA 


Pec CRAFT DISTRIBUTION: 


SGn5 Cape Cod 


meee Pecersburg - Clearwater 


7 1 Mission 
. Flt. Hrs. 
eer Lost 


Bone 
@e%5 Elizabeth City 0 
on 










EXtxra 
tte. ches . 








15500 





Maximum ~* 
Uneertainty 5.9 
Gimit (3) 


*at B52) Comiiagence Level 
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SIMULATION MODEL OUTPUT DATA 


PeeReRAFT DISTRIBUTION: 
eens Cape Cod Sone 
CGAS Elizabeth City oe 
a 


St. Petersburg - Clearwater 





Fiscal ae eee Seg Cenc Extra Total 

y ite Aolea Peers Plt. II RON 
ear Doe ee bose S 

eS 851 597 

365 1260 892 103 
77 AQS 135.0 901 AGS 4 


423 1420 O50 448 


~] 
oe) 


(oe) CO 
hay iat 
* 

wn 

4 

= 

pa 

~) 

WG 

| SS 

hae 

ee 

= 

SS 

uw 

cS 

ES 


~J 
\o 


oO 
NO 
On 
b— 
WN 
ba! 
OO 
hare! 
ae. 
baat 
cS 
uw 
= 
wn 
hae 
Ww 


oe) 
WwW 
—2 | O 
wt | O 
=) 
Oa A 
Co ] © 
Lt gies ce 
=i © 
bh! 
— 
© 
= 
wf} w& 
U1} dO 
>}; +> 


Maximum 
Uncertainty : : Sa 
amt (3) 





Fat 955 Confidence Level 


466 Pow.) Sis 465 





SIMULATION MODEL OUTPUT DATA 


PeRCRAFT DISTRIBUTION: 
CGAS Cape Cod ar. 
weno Elizabeth City 0° 
Poe 


meee rectersburg - Clearwater 


Mission 
Mite. hrs’. 
Lost 


Extra 
1 ee 6 Sanne 


Maximum 


Dmcertainty 
Limit (%) 





Fat 95% Confidence Level 
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SIMULATION MODEL OUTPUT DATA 


Pec RAFT DISTRIBUTION: 
SGAS Cape Cod ES 
CGAS Elizabeth City oo 
ie 


St. Petersburg - Clearwater 




















; Lae n-S 

Fiscal ee ee e Gals Bxtra Total 

y Pe cal eS < Piers , Flt. # RON 
at est host j ca 2 







Maximum ~* 
Uncertainty 
rimat (3) 


*at 95% Confidence Level 





SIMULATION MODEL OUTPUT DATA 


peeRORAFT DISTRIBUTION: 
CGAS Cape Cod 


0 
CGAS Elizabeth City 8 
0 * 


meeeretersburg — Clearwater 





























Fiscal ee Bxtra We yters ia} 
Y Bice sir Flt. Hr RON 

cj. Lost 4 SS S 
Aas 


~ 
~ 
CN 

un 

oS 

— 

Cn 
wn 

= 
(oe) 
© 
_— 

— 
CA 
tO 


Maximum 


Dacertainty 
emat (3) 





*at Set Contiaecnce Level 
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VS 


SAR AND MISSION COMPLETION PERCENTAGES 
“AITRCRAPT ASSIGNMENT WS TR SULTONS 


Mission Completion Percentage 


SS 


DIFFERENTIAL COsu5, 


DrteEecrencial Costs 
fied eirons Of Dollars 
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APPENDIX D 


Sie LON MODEL EXECUTION PROCEDURES 


meeer reading the variable data inputs as specified by 
mmemoperator, the simulation generates SAR cases (cases) and 
non-SAR missions (missions) and prosecutes them during a 
merrt-Up period, the lenpth of which may be specifiedabysthe 
Meerator, Following the start-up period, record runs are 
femienwana data collected. After the end of the tenth repli- 
@meaon year, the number of replication years required to 
mrerory the contidence and error limits specified by the 
meemacor are determined and the simulation then runs to its 
Semeutced Completion. If more than one distribution of air- 
Mert between the same three air stations is to be evaluated 
Mee parcicular computer run, the program simply reads in 
fuememew diStribution of aircraft, zeros its talJy vectors, 
feommmevates 1tS random number generator seeds and proceeds 
as before for the new distribution Cuwaarerdit with the 


eames case and mission requirements. 


A. CASE AND MISSION OCCURRENCE TIME GENERATION 

dhe first action taken in a time step is to determine 
if a SAR Gascweall is toube received during the time step. 
iemtecase Call 1S to be received, the simulation generates 
the time for the next case call using exponentially dis- 
Merbuced intGrarrival times. The occurrence rate of calls 


is dependent on the month and day of the week. During 





Meeerate days oi the week, the occurrence rate is higher 
than on non-peak rate days and more than one call during 
Meremne Step can be received. During non-peak rate days 
meiie@ximunm of one case call per time step is permitted. 
Meemnunber Of case calls to be received during the current 
Mmamesstep are recorded as well as the time step of the 
Meee case call to be received. 

Micesimulation@mext determines whether regular non-SAR 
[eesoion calls are to be acted on during the current time 
[ec tf SO, the number of mission calls to be acted en 
@eethe time of the next regular mission take-off time, 
meeround during the development of missions for the current 
menewotecp, are determined using exponentially distributed 
[meer arrival times. Ihe mission occurrence rate depends 
meeeeom tne month of the year. Each mission call generated 
memmerrecked tO see whether it 1S a special mission or not. 
S@ecial missions are considered to be those that depart 
Meemercceipt of the call rather than waiting for a normal 
take-off time. If the call is a Special mission, sub- 
routine MICA is called immediately and the special mission 
@@eracteristics determined. J£ the call is simply a 
meeulay mission, it 1S tallied to occur at the next regular 
mission take-off time. When a mission call time is generated 
which exceeds the next regular mission take-off time, the 
iemtenerular mission take-off time which it does not exceed 
is determined and recorded and mission call generation for 


mee current time step is completed. 


84 





ieee cAsoe AND MISSION CHARACTERISTICS GENERATION 

he tenis point the simulation checks to see if there 
meeeany case calls being received or any missions to have 
feria! action attempted on them during the current time 
meepe) if SO, Subroutine MICA is called. The function of 
memroutine MICA 1S to generate the characteristics for 
cases and missions. MICA first determines the characteris- 
memes or any OAR case calls being received in the current 
metemsctep. the case priority is determined and, if it is 
[orrorrty One case, a determination of whether it is 
Gmemmernuous, One-scene relief case--continuous overhead 
eererage required throughout the case--is made. MICA next 
Meeermines the case location starting with the district(s)} 
area and further breaking it down until nautical mile 
@eordinates relative to the simulated coast and base lines 
Meeedetcrmined. If the case 1s within 300 nautical miles 
Wie ot any coast line, a determination is made as to 
whether the case is such that a helicopter could be substi- 
feeecocd 1Or an HC-130 if necessary. The straight line dis- 
tances from each of the three potential HC-130 air station 
meeditons are found and the closest station identified. 
The number of HC-130s required for the case are determined 
Semattioned on the priority of the case. If the case is 
a continuous on-scene relief case, the total number of 
desired hours on-scene are determined. If the case is not 
a continuous on-scene relief case, the earliest possible 


meee ott time for HC-130s is determined conditioned on not 
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departing carlier than 0600 and to arrive on-scene no 
later than 1600 which allows two hours of daylight on-scene. 
fimes implicitly ignores variations in hours of daylight 
due to seasons and latitude. The total number of desired 
hours on-scene and case termination time are then deter- 
fomed CONnditioned on case priority and available time 
@meoscene per flight. All case information is loaded into 
meeeisc aAaCCOUNnting wector and retained until case termina- 
iofem time, 

meter handling any cases to be determined, MICA generates 
MeomeiaracteriStics of any missions requiring initial action 
mime the current time step. MICA first determines the 
feeority Of the mission with all special missions being 
Memority one missions. Whether or not the mission can be 
wetiaepeyond its regularly scheduled take-off time is 
feameananed Conditioned on its priority. If it can be held, 
the maximum number of hours the mission can be held prior 
momcancellation are determined. [If the mission 1s a 
Ppecial, a determination isaac acmeouwner ner Or Mot, Lt 
memaeceployment SAR case (SAR case outside the normal 
COMLANTAREA HC-130 coverage areas). If it is a deployment 
SAR case, the number of HC-130s desired and the closest 
motential HC-150 air station are determined. If the special 
mission is not a deployment SAR case and cannot be held, 
fiers checked to see if it is a medical evacuation (MEDICO) 
mission. MICA next determines the point of origin of a 


Meular mission. If the regular mission origin 1S not at 
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meprimary location or it 15 a special, MEDIJCO mission, the 
Meet) point is determined from a uniform distribution 
muome the Coasts. Based on the mission origin or pick 
Memmotint, the distances to all HC-130 air stations are found 
and the closest station identified. MICA next determines 
the number of hours the mission will be underway and the 
Flight hours required conditioned on the mission priority. 
Mioiily, for other than deployment SAR cases or missions 
lasting more than two days, a determination is made as 
Bemecner a helicopter could be substituted for an HC-130 
on the subject mission. All mission information is loaded 
into a mission accounting vector which is retained until 


iesaton completion or cancellation. 


MeeeecAoek, MISSION AND AIRCRAFT UPDATE 

At this point all cases and missions which may require 
Merron during the current time step are in the case and 
mission accounting vector arrays. The program now looks 
at all cases to determine if aircraft were on-scene during 
eme previous time step. If so, a number of hours equal to 
SiEmmuUNDer OF alrcraft on-scene are subtracted from the 
Moual number of hours requested on-scene. 

ime simulation mext looks at all missions to determine 
if any are to be completed or if any require assignment of 
miperatt during the current time step. The mission accounting 
Meevuor 15 zeroed for any miSSion which is terminating and 


Miyeaircratt assigned to the mission are checked to ensure 
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mmeeeetneir accounting vectors indicate that they are to 
meturn during the current time step. For any missions 
Sueeermerequire the assignment of aircraft during the current 
Meme step, separate mission action vectors are loaded with 
the mission number, priority, and nearest proposed HC-130 
fees tation, 

The HC-130 accounting vector array is then scanned to 
Meme ity any HC-130sewhich are returning to air stations, 
beeomimie available after maintenance work, or are arriving 
Semeeeparting from any SAR case scene. For HC-130s arriving 
feeeeiear Station aiter aborting a flight, the accounting 
vector is zeroed with the exception of its home station, 
@eerent location station, and the fact that the plane is 
ieee ihe time step when it will be available is entered 
femeretermancd at time of abort. The accounting vectors 
of any HC-130s becoming avall@ble after maintenance are 
memoca except for their home station and current location 
Station. 

For HC-130s arriving Shedepar ting "romeo onk casewscene, 
the next required take-off time for an HC-130 for the case 
momcctcrmined, it necessary, and the case accounting vector 
is altered appropriately. The time of departure from scene 
or time of arrival at destimation air station is determined, 
as applicable, and the HC-130 accounting vector altered 
eeeordingly. 

Pt HGE-130s arriving at air stations, other than those 


mrom aborted flights, are checked to determine if they have 
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Mmemneenance discrepancies. If an HC-130 does have a 
memmeccnance discrepancy, the number of hours until it will 
be repaired are determincd. If an HC-130 does not have a 
maintenance discrepancy, it is automatically considered 
to be down for one hour for refueling. Depending on the 
mereation, the appropriate entries as to air station of 
mepaval and time of availability are entered in the air- 
Meee S accounting wector and all other entries except 
mecenome Station are zeroed. 

mee helicopter accounting vector array is then scanned 
memeetermine if any helicopters are to return to their home 
Stations from HC-130 cases or missions. If a helicopter 
memeeer return, the type of helicopter is ascertained and the 
meerccted Case OF mission accounting vector is altered 
meeercingly. The helicopter station vector is then 
mmmeed tO indicate the heclicopter's return and the type 
Pemeteopter availability increased conditioned on the number 
of helicopters still on HC-130 cases from that particular 
Siation. Pima lye, the appropriate helicopter action vector 
is zeroed. 

iiewscamulation new scans the HC-1350 vector array to 
find all HC-130s on SAR cases or enroute between air 
meeeroms., bach HC-150 in either of these statuses is 
checked to see if it has developed a mechanical discrepancy 
meuerime it) te abort its flight. Jf an HC-130 is required 
Pmvenretts Flight and it 1S on a case, the appropriate 


case accounting vector is changed to show that the aircraft 
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Mmemnot assigned to the case any longer. The number of 
moro the HC-150 will be down after returning to an air 
meaenon are determined and the closest air station is 
Meeeted, After determining the time enroute to the closest 
feeestation at 200 knots, the HC-130 accounting vector is 
omeered to show location of the emergency air station, time 
Of arrival, number of hours down after arrival and its 
Sees aS ‘'down ongarrival."' 

iti-mprogram next scans the case accounting vector array 
memcetermine any cases which either require assignment of 
oumeet ort Or are to be completed during the current time 
meee FOr cases which are to be completed, the HC-130 
meeeumting vector array is scanned and any HC-130s enroute 
Memeecnc OF On-Scene are scent to the stations they departed 
magi it Enroute, or closest station if on-scene. Enroute 
pumes are determined and the HC-130 accounting vectors are 
changed appropriately. The same action is taken for any 
Memrcopters assigned to the case. The number of on-scene 
hours requested but not covered are tallied and the subject 
@iee accounting vector is zeroed. For cases which require 
the assignment of aircraft during the current time step, 
separate case action vectors are loaded with the case number, 


Mierortty and nearest proposed HC-130 air station. 


D. HC-130 REQUIREMENT AND AVAILABILITY DETERMINATION 
The total HC-130 requirements from each proposed HC-130 
[eestation are determined by scanning the mission and case 


meerom yectors. Following this determination, if any 
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Meet o0S dre required during the current time step the 
imecr available must be ascertained. The first step in 
mee precess 1S to determine if any of the air stations 
are below instrument weather minimums. If they are, the 
MG-130s at those stations are considered unavailable for 
@memcurrent time step and their accounting vectors altered 
mempeilect this fact. Next, any HC-130 at a station not 
meow weather minimums and in a "ready to fly"! status is 
mame to determine whether, if called, it will be able to 
fJy. Those which are found not able to fly have their 
Meeouitcang yectors changed to indicate "mechanically down 
meeecailed.™ Following these determinations a tally is made, 
Meeps Stations, of HC-130s which are available during the 


emebente time step. 


Peeetia- 150 ASSIGNMENT PROCESS 
At this point all of the assignment requirements for 
fmesrovsS and the number of HC-130s available have been 
miemeritied fOr the current time step. The simulation 
fst now allocate the available HC-130s among the case 
and mission requirements. The assignment process is 
Serried out as follows: 
feiert the number of HC-130s available at each 
Propeseca@riG=i50 air Station are sufficient to meet 
the requirements in the individual air station 
areas they are assigned within their own areas. 
(ert more HE-1350s are required within an air station 
acca tiaimatesavarladble within that area an attempt 
ioeiddewsousupstitute helicopters for HC-130s, I1f 
sufficient substitutions are made so that the con- 


ditions of item (1) above apply, then the assignment 
pre@edure outlined therein iS carried out. 
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PoeAtter attempting to substitute helicopters, if there 
maemo elie imcurterecrent HC-130s at each air station to 
cover individual air station urea requirements but the 
total number of HC-130s available are sufficient to 
cover all requirements, assignments are made between 
areas after making as many assignments within areas 
feeposstbple. Aircraft are never taken from one air 
Station to cover priority three case or mission 
MeoamimemMents sim another air station area. 

meet, ater attempting helicopter substitutions, there 
ews i leincweereyent HC-1305 available to meet the 
Gase and mission requirements for the current time 
Step, assignment of the available HC-130s is made 
Pocono the decision rules built into the 
Simulation. 

imeeinsuiticrent HC-130 Assignment Decision Rules 

In the event of a requirement/availability situation 
mewoutlined in item (4) above, the assignment decision rules 
Mest pe invoked. These decision rules are built into the 
Semmiation and can only be changed by reprogramming. The 
meepomment routine under the decision rules is continued 
time cither all priority one and two case and mission 
med@uarements have been satisfied or there are no further 
HC-1450s available. The assignment routine under the 
meer-oton rules attempts, in the following order, to ensure 
tmat : 

Peeeeviery Mri1ority One Case nas at least one 
mmeralt assigned, If insufficient HC-130s are available 
momcorthisS, attempts are made to divert HC-130s from 
other cases according to diversion rules contained in 
euoroutine ASSIGN. 


b. Every priority one mission has at least one 


guereratt assigned. 
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MP Ue orbetity One Case has at least half of 
Mmoematrcraft it requires. 

Wa coi, sorter ity two case has at least one 
Merpcraft assigned. 

ee ioe tlOrliyetwo case has at least half of 
Miematrcratt it requires. 

£, Every priority two mission has at least one 
Pueeperaftt assigned. 

See Nveciny spiilority three case has at least one 
aircraft assigned if an HC-130 is available in the case 
area. 

M——Evety Ditommty Liiree mMLSSLOn has at least sone 
muemerartt assigned if an HC-1390 is available in the area 
Seeeenke MiSSion's origin. 

Mea vety  Orlerity one case has all the aircraft 
memrequires, 

IPE vVely ep priority one missien has all the aircraft 
Memcequires. 

k, Every priority WVvjomenac jas ali tire airerast 
ieenequires,. 

MEiwelvepriority [WO mission has all the air- 
Sieieeit requires. 

feeiciwveocprcr Substitution Procedures 

Binmeoeeaise Of “Itisicticient availability of HC-130s, 
fees Necessary to attempt a helicopter substitution on 
a case or mission, the main program scans all the cases 


MieemisSlOns requiring aircraft to see if they are 
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Mememtigily substitutable as determined when they were 
memerated in subroutine MICA. If a potentially substitutable 
SieewOr mission 1S found in the proper area, subroutine 
Peis Calied. The main program specifies the area of 
@emeern and also uses an indicator variable in calling SUB 

to note whether case(s) and Possibly missions are potentially 
Smestitutable or if there are mission(s) that are potentially 
Seescituitable in the subject area. This reduces the scanning 
Meme required for SUB. 

VCpcicumemommenc Iydicator variable, SUB first 
identifies all potentially substitutable cases and/or 
Missions in the area specified by case and mission number 
feemroagds them in case and mission substitution vector 
aerays . 

Subst wuUtrons are i1nvtially attempted on cases 
Peap@miine with the lowest priority first. In each case 
Moyes tigated it 1s known that the case location is within 
POOP NM Of the coast line. However, it is not known if it 
meetin S500 NM of any helicopter station. Therefore, 

SUB begins with the southern most helicopter station within 
Mmmee Of the HC-130 air station area and determines if the 
latitude of the case being investigated is within 300 NM 
Smeene latitude of the helicopter station, latitude being 
NM north of the simulated base line. If the latitude 

Gi tance 1S never within 300 NM of any helicopter station 
latitude the case is considered to be non-substitutable 


@mesits accountine vector changed accordingly. If the 
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ieerude distance is within 300 NM then the straight line 
feeweemee between the helicopter station and case is computed 
Mmemoce 1f it iS less than or equal to 300 NM. If so, a sub- 
MmeetlOm 1S attempted. Jf not, and the next helicopter 
me~rOn north is not within 300 NM, the case is again 
Semeroered to be non-substitutable and its accounting 
wector changed accordingly. 

icatnemwedses being “investigated 1s found to be 
femeian O00 NM of the helicopter station, the station vector 
memoieried to determine whether it has HH-3F helicopters 
meeeaened and, 1£ so, if one 1S available for substitution 
wmmeeie cause. If either of these questions receives a 
Meeeweave reply, the distance between case and station is 
@ieered to see if it is less than or equal to 150 NM. If 
meer the Station 1S then querjed concerning the availability 
Seemeverma-52A helicopters for substitution, one being required 
memenvetT tie OLNEY On an over-water flight. If the reply to 
weer cvcry 15 in thewmepative, the next helicopter station 
north is mreci cue Peemerce eT Min range of a helicopter 
Seteron Cannot be substituted on because of helicopter non- 
Mmemeraieiity, 1tS accounting wector is not altered. 

it ede ing =this proe@ess, ae@helicopter is avaibable 
ieee stitution on the case a helicopter activity vector 
iemaaded to ensure the helicopter's timely return to its 
home station. In addition, the case vector is changed to 
momtect the aSSigniment of an aircraft and a reduction in 


on-scene hours required is made. The helicopter's home 
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memeion vector 1s changed to indicate the type helicopter 
Meme nc-150 case and reduction in availability of that 
memeemelicopter at that particular station. If the case 
feeeenot require any further aircraft during the current 
mm@enstcp, 1tS action vector is zeroed. If sufficient 
feeeoes are available to fill all. requirements, the substi- 
m@ecwen process 1s terminated. Otherwise the process is 
Eemeanued attempting to assign another helicopter on the 
Meeenc Case being investigated, if necessary, or any other 
potentially substitutable cases and/or missions in the area. 

PeotieeeGncmoane procedures are followed for 
mecempting substitutions on potentially substitutable 
feeretons, beginning with the lowest priority first, the 
Mee dict terence being with the assignment of HH-52As. On 
Misetons, Only one HH-S2A need be assigned vice the two 
meausescd for cases. 

5. Insufficient HC-130 Assignment Procedures 

Micwiecti assionmentmer axzgecraft 1s required under 
PicemadecisSion rules outlined in section 2 above, the type 
Memeecauirement--Case Or mMiSSion, the priority of the require- 
Memesand the level of assignment desired are specified by 
Miesiiain program and subroutine ASSIGN is called. ASSIGN 
scans the case or mission action vector arrays as indicated 
and locates the cases or missions requiring aircraft under 
the priority and level of assignment criteria specified. 
If an HC-130 is required in an area where one is available, 


action is initiated to make the assignment. In situations 
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Mere aAlrcrait are required in areas where HIC-130s are not 
memanplec, the requirements are tallied by areas. After 
_eeeecquiremencs are tallied, action 1S initiated to assign 
mie HC-130s closest to the case or mission areas to the 
@eiyidual cases or missions. This process is continued 
until all assignments of the specified type have been made 
@eetniere are no further HC-130s ie. If the former 
Situation occurs and more HC-130s are available, the main 
Meoeram Specifies the next requirement type, priority and 
mere of aSSipgnment according to the decision rules and the 
mumeessing in subroutine ASSIGN is reinitiated. 

ime rurener MC-L50S are available and the 
Pelation being handled is other than priority one SAR 
@eees Without any aircraft assigned, the assignment process 
Mmepecrminated,. It there are priority one SAR cases without 
Mimredst One dircraft assigned, attempts are made to divert 
HC-130s from other SAR cases in the same areas as the 
Subject cases. The procedure followed in attempting to 
memeedo-l50s that can be diverted to the priority 
one case in question begins with finding the lowest 
priority case in the same air station area with more than 
one aircraft assigned. If any or all of the aircraft are 
HC-130s they are checked to see if they can reach the scene 
Se the priority one case and have at least one hour on-scene. 
heme all Conditions are met, the HC-130 is designated as 
the aircraft to be diverted and action is initiated to 


transfer the HC-130 to the new case. 
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a, oselection of HC-130 for Assignment 

During the process of allocating HC-130s among 
mases and missions, either the main program or subroutine 
PeoltGN Will select an air Station with aircraft available 
Memeene aly Station to Supply the aircraft for the case 
muemesSiOn requirement being satisfied. The final selection 
feo Individual HC-130 to be used is performed by 
mmemoucine PLANE. “When PLANE is called by either the main 
meceram Or ASSIGN it 1s given the air station that is to 
Supply the HC-130 and the air station area in which the 
Mec) Or mission pickup point is located. 

Subnewiene PLANE anitially scans all HC-130 account- 
mmeevectors to determine whether an HC-130 at the specified 
Miestation is home based at the air station whose area 
Muemeeadse OF M1SSion is in. If so, the HC-130 is checked 
Mmpeee it If 1S in a “ready to fly" status. If it is, it 
Mmmeesionated 2S the HC-130 for the case or mission require- 
ment being satisfied. If the HC-150 is found to have a 
mechanical discrepancy Olestart-up, aS determined earlier 
methe ain program, it is placed in a down status and the 
Mmrnber Of holirs until it is ready for flight are determined. 
fet, there aremmoteaany Ho-150s from the area of action avail- 
Meme at the air station which must supply the HC-130, all 
HG-130s at the station are checked and the first one found 
meee eto ily” is identified as the HC-130 to be used. This 
mesOrmaclon 1s then passed back to the calling program or 


femeroutine. 
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fee Final HC-130 Assignment Action 

Onecwrie scdnhing procram or subrotitine has the 
Meeemt1c HC-150 to be used, it calls subroutine FILL with 
ers imtormation and the case or mission to which the air- 
merit 1s to be assigned. Subroutine FILL must ensure that 
Gummer evant vectors are altered to reflect the appropriate 
Mee of the HC-130 specified. If the HC-130 is being 
meer ted trom one caSe to anothcr, the aircraft's approxi- 
Meee position 1S ascertained and its time of arrival on- 
meee Calculated. the losing case accounting vector is 
mmeered to retlect its loss of an aircraft and the subject 
meewo0's accounting vector altered appropriately. The 
Mmenewot dcparture of the next aircraft for the new case is 
@meulated, 1£f required, and the case accounting vector 
peated. If the new case has aS many aircraft as it requires 
ame the current time step, its action vector 1s zerocd. 
Mento! 1S then returned to the calling program or subroutinc. 

Micmioroecco muro, recular qepartures on SAR cases 
primarily the sane VGevertiaterie wo- lo) sdeparts L£rom<a 
ijieeeue location Station. If the HC-130 is unable to get to 
the scene of the case and have at least one hour on-scene 
Gepemeocnt, instead, to the closest HC-130 airy station to 
Besretucicd. The next HC-130 departure time required for 
micmwedsce 15 detcrmined conditioned on the type of casc 
and time of day. Whether the aircraft can go directly to 
Meenwe Or NOt, if it departs from other than the air station 
elosest to the scenc, the extra flight hours involved are 


Sryreculatcd and tallied. 
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Preetemoitiatien where HC-150's are being sent on 
M/ssions, the aircraft and mission accounting vectors are 
Memrecd tO indicate the return timesof the aircraft and the 
meet etiat it 1S On the specified mission. The aircraft is 
memoraered to be gone, for accounting and operational pur- 
feees, Until termination of the mission. If the aircraft 
G@eparts from other than the air station closest to the 
festOn pickup point, the extra flight hours involved are 
Mmmeetiated and tallied. Jf the subject mission has all 
Me@emaircratt assigned that it requires, the mission action 
Mecetor is zeroed. 

Peecimen- 150 1S being Sent from one air station to 
meomrome Station the enroute time is calculated and its 
mecounting vector changed appropriately. The enroute 
Moris are Considered extra flight hours and are tallied 


mecordingly. 


F, UNANSWERED REQUIREMENTS RESOLUTION 

feectT ali possible nelicopter substitutions and HC-130 
assignments have been made, the case and mission action 
meetors are scammed to see if any requirements for aircraft 
feecemot filled. For cases which did not receive the 
meaquaired aircraft, new departure times are computed depending 
fee type and location of the case and time of day. 

Homemission requirements that were not filled, the 
Sigeiare Missions are checked to see if they can be held for 


eeelecer take-off time. If they cannot be held and no 


100 





@urctatt have been assigned to them they are cancelled 

mae tacir required mission flight hours tallied as lost. 
/meetney Cannot be held but have some aircraft assigned, a 
new take-off time is not determined for them. In this 
Meiratwon a prorated portion of the misszon flight hours 
Memtellied as lost. Missions that can be held have new 
@ake-Off times computed based on the time of day and 
maximum number of hours they can be held. If possible, the 
Memectake-Off times are scheduled for the next regular 
mission take-off time. The accounting vectors of missions 
being held are changed to show a reduced number of hours 
Mires tney can be held and the newly detcrmined take-off 


time. 


G. STATION-TO-STATICN SHIFT AND RON DETERMINATION 
Memanter ali required aircraft assignments have been 
made, an HC-130 coeur to DO At an alr Station other. than 
its home station between 0800 and 1500 hours and is ina 
ie eady PMP boctdcs, Jt 15 Sent to 1ts home station, The 
plane is McwmE tedmang subroutine FPL 1s called to pro- 
wocenror the transfer. 
irine the C100 time step the aircraft accounting 
vectors are scanned and any HC-130 found at an air station 
eller than i1tS home station is considered to be remaining 
evennaght (RON). The RONs are tallied both by the current 


meteron ot the HC-130 as well as its home air station. 
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fee 1iME STEP COMPLETION 

Perlvowine tie Station-to-station shift actions and the 
Mmeredeterminations, all mission and case action vectors 
mmomezeroecd. All HC-150s that were in a "down if called" 
feeecown duc to weather" status are returned to a "ready 
Meme” Status, ihe total time step counter, time of day, 
and day of week calendars are updatéd as required. If 
aiemreqduired number of replication years have been completed, 
Mmiemprogram Shifts to calculate and publish its final sta- 
mmeercsS and, 1f required, begin start-up runs for the next 
meee ratt distribution. 

ibemene total mumber of replication years have not been 
completed, the simulation checks to sce if a replication 
Momem has been completed. If so, the monthly variable 
iemeameters are Changed and the statistics for the month 
fieecompleted are tallied. At the beginning of each 
fimeteean HE-150' from the most northern potential HC-130 
air station with HC-130s assigned is deployed for the 
International Ice Patrol and the appropriate tallies of 
mission and extra flight hours made depending on the air- 
Srart assienment distribution being run. At the beginning 
Sresupust in each year, the deployed Meals S.- recurred 
mom 1ce patrol to its home station. 

Miaechesend: of cach replication year, the year counter 
memacdvanced and the total statistics for the year just 
momyberted are gathered, At the end of the tenth year, 


mie smuinber Of replication years required to satisfy the 
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momerdence leyel and level of uncertainty specified by 


[mac operator are détermined. The simulation then proceeds 


memcomplete the required number of replications. 


mee olMULATION OUTPUT 


Peerne comclusion of the required number of replication 


fears, the month and year means of the following statistics 


are produced; 


(1) 
(2) 
(3) 
(4) 
(S) 
(6) 
(7) 


Himesit-Ils0s down duewto mechanical discrepancies, 
Mission flight hours not covered. 

SAR on-scene flight hours not covered. 

Extra flight hours flown. 

RONS at each proposed HC-130 air station. 

RONs from each proposed HC-150 air station. 


Tetal es RONS.. 


mieaaddition, the following statistics are provided: 


(1) Variances of mission flight hours not covered, SAR 


Mi eenewlGlrsenoc covered, extra flight hours flown, 
and total RONS per year. , 


(2) Mean numbers of SAR cases, SAR on-scene hours 


Powuescted =illssSions, and mission flight hours 
me CuUecwed per Veat. 


ye tean percentage Of total possible flight hours 


Spent in down status per year. 
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